The chemical composition of the essential oils from Protium giganteum and P. aracouchine was determined, for the first time, using GC-MS analysis. From the oil of P. giganteum, 32 components were identified, representing 93.9% of the oil, and from P. aracouchine, 29 components, representing 97.8% of the oil. Among the compounds identified in the P. giganteum oil, 93.6% were sesquiterpenes, with β-caryophyllene (26.0 ± 0.8%), globulol (9.3 ± 0.2%), α-cadinol (7.0 ± 0.5%), α-humulene (6.4 ± 0.1%) and germacrene D (6.2 ± 0.3%) as the major components. Among the 29 compounds identified in the P. aracouchine oil, 95.9% were sesquiterpenes as well, with spathulenol (31.8 ± 1.6%), α-cis-bergamotene (8.8 ± 0.2 %) and viridiflorol (9.7 ± 0.7%) as the major components.
The family Burseraceae comprises 21 genera and 600 species distributed mainly in South America. This family is largely represented by the genus Protium, with 135 species [1] . In Brazil, the broadest distribution and greatest diversification of species from this family occur in the Amazon region. However, Protium species are also found in fragments of the Atlantic rainforest in northeastern Brazil and are locally known as "almeçaga" or "breu branco". These species produce triterpenenes, essential oils and oil resin [2, 3] , which are responsible for the prominence of Burseraceae species in ethnobotany and their use in folk medicine for the treatment of wounds and ulcers. Pharmacological studies, carried out to determine the antimicrobial, antioxidant and antinociceptive [4, 5] properties of oil resin of various Protium species, demonstrated the potential of these oils as antiinflammatory, antinociceptive and gastro-protective agents [6] .
Our research group has recently published reports on the chemical constituents and biological properties of essential oils from the leaves of P. bahianum [7] and P. heptaphyllum [8] , as well as the resin from P. bahianum [9] . To our knowledge, there have been no reports published on the chemical composition of essential oils from the leaves of P. giganteum and P. aracouchine. As part of a systematic study on the aromatic flora of northeastern Brazil, this paper describes the composition of essential oils from the leaves of these two species of Protium collected from a remnant of the Atlantic rainforest in the state of Pernambuco, Brazil.
The essential oils obtained through conventional hydrodistillation of fresh leaves from P. giganteum and P. aracouchine exhibited a light green color and their yields were very similar. The qualitative and quantitative compositions of the essential oils are displayed in Table 1 . Oil analyses using GC and GC/MS allowed the identification of 32 compounds in the essential oil from P. giganteum, representing 93.6% of the total amount of oil, and 29 constituents in the essential oil from P. ararcouchine, representing more than 95.9% of the total oil. The main component in the P. giganteum oil was βcaryophyllene (26.0 ± 0.8%), followed by globulol (9.3 ± 0.2%), α-cadinol (7.0 ± 0.5%), α-humulene, (6.4 ± 0.1%) and germacrene D (6.2 ± 0.3%). Other substances were identified, but in amounts accounting for less than 6% of the oil, such as bicyclogermacrene (5.8 ± 0.2), δ-cadinene (5.4 ± 0.2) and viridiflorol (5.0 ± 0.2). The main constituents in the P. aracouchine oil were spathulenol (31.8 ± 1.6%), viridiflorol (9.7 ± 0.7%) and α-cisbergamotene (8.8 ± 0.2 %). Other oxygenated sesquiterpenes and a fatty acid derivative were also identified in amounts of up to 4%, i.e., ledol, α-cadinol and isopropyl hexadecanoate. These results demonstrate the predominance of cyclic sesquiterpenes, bearing chemical groups mainly derived via the cyclization of cadinene, guaiane, germacrane and caryophyllane. The greater amounts of sesquiterpenes found in the analyses corroborate previous reports on the oil composition of several species of Protium in different regions of Brazil [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] and worldwide [21] . Table 2 displays the percentage of monoterpenes and sesquiterpenes in the essential oils from the leaves of 13 Protium species collected in Panama and Brazil. Species of Protium have been collected from different biomes in ]. These data demonstrate the predominance of sesquiterpenes, especially in P. grandifolium, P. strumosum and P. elegans collected in the Amazon Biome, in which more than 90% of the oil is made up of sesquiterpenes.
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P. heptaphyllum is the only species that has been collected in four different biomes: Atlantic rainforest [8] , savanna [10] , Amazon [11] and Caatinga [12] . Samples collected in Pernambuco have greater amounts of sesquiterpenes [8] , which is similar to the present data for P. giganteum and P. aracouquine. On the other hand, oil samples from species collected in the state of Pará have high amounts of monoterpenes (P. pilosum = 94.1%, P. spruceanum = 89.2% and 85%, and P. decandrum = 91.1%). It should be pointed out that this trend was evident even when the specimens were collected from the same type of biome in different states. The exception is P. decandrum, in which monoterpenes and sesquiterpenes are present in practically equal amounts ( Table 2) .
Comparison of data from the Amazon bioma with our results revealed that none of the monoterpenes found in Amazonian species was present in the oils from P. giganteum and P. aracouchine leaves. However, great similarity was observed when the main component of P. giganteum oil, trans-caryophyllene (26.0±0.8%), is compared with previous reports on congenus species. This sesquiterpene is either the main component or found in relative higher amounts in P heptaphyllum collected in the Volatile constituents of two Protium species Natural Product Communications Vol. 6 (11) 2011 1729
Cerrado (32.1%) [10] , Amazon (11.1%) [11] and Caatinga (18.6%) [12] biomes. In addition, transcaryophyllene was also found in high concentration in the Amazonian species P. decandrum (22.8%) [13, 14] , P. spruceanum (36.4%) [13, [15] [16] , P. unifoliolatum (37.4%) [17] , P. grandifolium (24.5%), P. hebetatum (12.8%) [18] , and P. elegans (35.9%) [19] .
α-Humulene, which is an isomer of trans-caryophyllene, was identified in P. giganteum in the present study. This sesquiterpene belongs to the caryophyllene cyclization pathway and has also been found in amounts greater than 5% in species of the Amazon biome. α-Humulene has previously been reported in P. unifoliolatum (9.9%) [17] , P. lewellyni (9.4%), P. grandifolium (8.3%) [18] and P. elegans (12.6%) [19] . Other sesquiterpenes found in P. giganteum oil are derived from the cadinene cyclization pathway, for example, α-copaene (3.2±0.2%) and δ-cadinene (5.4±0.2%). These compounds have also been found in three samples of P. icicariba collected in the state of Amazonas (6.5%, 8.3% and 5.6% δ-cadinene and 9.8%, 12% and 7.5% α-copaene) [20] . Both components are present in the oil of P. spruceanum as well, but at concentrations less than 2% [16] . δ-Cadinene occurs in P. lewellyn (4.11%), P. grandifolium (11.4%), P. hebetatum (6.99%) [18] and P. elegans (0.15%) [19] .
In addition to compounds derived from caryophyllene and cadinene, other sesquiterpenes obtained from the germacrane-type cyclization pathway, namely germacrene D and bicyclogermacrene, were found in P. giganteum (6.2 ± 0.3% and 5.8 ± 0.2%, respectively). Siani et al. [20] report both sesquiterpenes as major constituents in the essential oil from the leaves of P. icicariba. Alternatively, Siani et al. [18] report germacrene D as a minor component in essential oils from P. hebetatum (0.79%), P. strumosum (1.47%), P. grandifolium (1.52%), and P. lewellyni (2.04%). However, germacrene B has been found in a sample of P. heptaphyllum collected in the savanna biome in the state of Piauí [10] . It is evident that there are qualitative differences between these species of Protium collected from different biomes in Brazil and other parts of the world. Nonetheless, sesquiterpenes constitute the major chemical group in these species.
In the present study, essential oils from P. giganteum and P. arachouchine collected in a remnant of the Atlantic rainforest in the state of Pernambuco, Brazil, demonstrated a predominance of sesquiteterpenes and, based on their major components, could be classified into chemotypes: trans-caryophyllene-type and spathulenoltype, respectively. The amount of each compound was calculated from GC peak areas in the order of elution from the DB-5 column and expressed as a relative percentage of the total area of the chromatograms. Analyses were carried out in triplicate.
Experimental

Collection of plant material: Leaves from two species of
Gas chromatography-mass spectrometry:
Qualitative GC/MS analyses were carried out using a Hewlett-Packard GC/MS (CG: 5890 SERIES II/ CG-MS: MSD 5971) system operating in the EI mode at 70 eV, fitted with the same column and temperature program as that for the GC experiments. The carrier gas was helium, 1 mL/min flow rate, split mode (1:30). Injected volume: 1 µL of 1/100 diluted solution of oil in n-hexane.
Identification of components:
The identification of the components was based on their GC retention indices (RI) with reference to a homologous series of C 11 -C 24 n-alkanes calculated according to Van den Dool and Kratz's equation
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de Freitas et al. [23] and by computer matching against the mass spectral library of the GC/MS data system (NIST 98 and WILEY) and other published mass spectra [24] . Area percentages were obtained electronically from the GC-FID response without the use of an internal standard or correction factors.
